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Residual 1I0w to the infarct zone was assessed by coro-
nary angiography during the acute phase of myocardial
infarction in 130 patients. In 36 patients, the infarct-
related coronary artery was not completely obstructed,
thereby providing residual anterograde 1I0w to the in-
farct area (Group I). Complete obstruction of the infarct
vessel with residual 1I0w to the infarct zone by means of
collateral circulation was observed in 56 patients (Group
II). Complete obstruction of the infarct vessel without
residuaillow was seen in 38 patients (Group III). Ejec-
tion fraction during the acute phase of infarction was
found to be significantly higher in Group I (55 ± 13%)
than in either Group II (48 ± 13%) or Group III (50
± 10%) (p < 0.05). Group II patients had a longer
history of angina pectoris (14.2 ± 21.4 months) than
did Group III patients (0.7 ± 3.1 months) (p < 0.01).
Patients in Group I and Group II were more likely to
be taking antianginal medication (56 and 54%, respec-
tively) than were the patients in Group III (16%) (p <
0.01).
Coronary arteriography during the acute phase of myo-
cardial infarction can identify the presence and type of re-
sidual flow into the infarct zone (1-4). Residual flow can
be present either in an anterograde fashion if the infarct-
related coronary vessel is incompletely obstructed or in a
retrograde fashion by means of intercoronary collateral
channels. Thus, the infarct area can be characterized by
three arteriographic patterns: presence of anterograde flow,
presence of retrograde flow or complete avascularity. In the
present study, the prevalence of these three patterns during
the initial hours of myocardial infarction is assessed. In
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Thirty-seven patients in whom reperfusion tech-
niques were not employed had repeat angiography in
the chronic phase of infarction, enabling assisement of
spontaneous changes in left ventricular function and
coronary morphology. Ejection fraction (EF) did not
change significantly from the acute to the chronic stage
in Group I (.1EF = -1.3 ± 11.4%; n = 12) or Group
II (.1EF = -1.4 ± 7.9%; n = 16); however, there was
a significant decrease in Group III (.1EF = -10.1 ±
7.5%; n =9; p < 0.01). Two findings characterized the
patients with initial complete coronary obstruction whose
ejection fraction did not decrease: collateral 1I0w to the
infarct area at angiography during the acute phase of
infarction in conjunction with spontaneous recanaliza-
tion demonstrated at later repeat angiography. It is con-
cluded that the prevalence of residual 1I0w may be an
important covariate in assessing the efficacy of inter-
ventions designed to limit infarct size.
(J Am Coli CardioI1985;5:827-3l)
addition, the three arteriographic patterns are correlated with
clinical characteristics and acute left ventricular function.
Lastly, the different arteriographic patterns are correlated
with sequential changes in left ventricular function in a
subset of patients in whom the natural history of coronary
disease was not altered by attempted reperfusion.
Methods
Study patients. Between January 1977 and December
1980, immediate cardiac catheterization and angiography
were performed in 158 patients presenting to the University
of Goettingen Hospital with an admission diagnosis of acute
myocardial infarction. The admission diagnosis was based
primarily on a history of acute onset of chest pain of 30
minutes' duration or longer, which was suggestive of myo-
cardial ischemia and not relieved by sublingual nitroglyc-
erin. Patients presenting 6 to 12 hours after the onset of
acute symptoms were offered catheterization only if there
was persistent chest pain suggestive of ongoing ischemia.
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Patients with additional noncoronary heart disease or in-
curable chronic diseases were excluded from immediate
catheterization. Informed written consent was obtained be-
fore angiography.
Ofthe J58 patients who underwent catheterization during
the acute stage of infarction, 28 were excluded from the
study. In six patients, the diagnosis of acute myocardial
infarction was not confirmed because the serum level of
creatine kinase and its MB fraction failed to increase to at
least twice the upper limit of normal. In eight patients,
coronary arteriography was incomplete or the infarct-related
artery could not be determined because of multiple total
occlusions. In 14 patients, clinical and historical data ob-
tained were not complete for the purpose of this study. Thus,
the total study group consisted of 130 patients with complete
angiographic and clinical data in whom the diagnosis of
acute myocardial infarction was confirmed by history and
serum enzyme data.
All patients except those in cardiogenic shock received
intravenous nitroglycerin for at least 72 hours and heparin
sulfate until they became ambulatory. Twenty-one of the
130 patients were treated with intraaortic balloon counter-
terpulsation immediately after the baseline ventriculo-
graphic study and before coronary angiography. These pa-
tients participated in a study which evaluated the effect of
counterpulsation on infarct size.
Clinical data. The same observer (H.B. ) obtained the
medical history and performed the clinical examination at
the time of admission for all patients . The following vari-
ables were evaluated : history of previous myocardial in-
farction; time interval from the first onset in life of angina
pectoris to the present infarction; time interval from onset
of acute infarct symptoms to emergency angiography; cur-
rent use of antianginal medications including beta-receptor
blocking agents, nitrates or calcium channel blocking drugs;
age and sex. Just before angiography was performed during
the acute phase of infarction, each patient was assigned to
a Killip functional class.
Angiographic data. Biplane left ventriculography and
selective arteriography of both coronary arteries were per-
formed in all patients as described previously (5) . The extent
of coronary artery disease was considered as the sum of all
main epicardial branches with a 70% or greater narrowing
in luminal diameter. The infarct-related artery and infarct
zone were determined by correlating arteriographic findings
with acute electrocardiographic changes and the location of
wall motion abnormalities as assessed by contrast ventric-
ulography . Collateral flow to the infarct zone was deter-
mined to be present if two angiographers agreed that any
portion of the infarct-related artery was visualized via col-
lateral channels. Retrograde filling of side branches that
originated distal from the site of obstruction was accepted
as evidence ofcollateral flow, even if the epicardial segment
of the infarct-related artery was not visualized. Left ven-
tricular ejection fraction was calculated using the area-length
method (6).
On the basis of the angiographic findings , three groups
of patients were defined. Group I included patients whose
infarct-related coronary artery was not completely ob-
structed, providing anterograde flow to the infarct area.
Group II consisted of patients with complete obstruction of
the infarct-related artery and collateral flow to the infarct
area . Group III included patients with an avascular infarct ,
that is, complete obstruction of the infarct-related artery and
absence of collateral flow.
FoUow-up angiography. Thirty-seven patients who were
studied before the advent of reperfusion techniques returned
for repeat coronary arteriography and biplane left ventric-
ulography 89 ± 88 days after the initial angiogram. None
of these patients underwent coronary bypass surgery during
the interval between the initial and follow-up evaluation.
This subset was divided according to the acute arteriographic
patterns as defined for the total study group.
Statistics. Three logistic regression analyses were con-
ducted, comparing two groups of patients at a time. Seven
clinical variables and four variables determined at angiog-
raphy were considered. In a univariate analysis, each vari-
able was evaluated for its ability to discriminate between
the two groups at a probability (p) value of less than 0.05 .
Subsequently a stepwise multivariate regression analysis was
performed to determine a combination of independent vari-
ables that discriminated among the groups.
The examination of the differences in ejection fraction
change in the subset of patients with follow-up angiography
involved one-way analysis of variance and multiple com-
parisons using Fisher's least significant difference technique.
Results
Baseline clinical and angiographic characteristics (Table
1). Angiography in the acute phase revealed incomplete
obstruction of the infarct-related artery in 36 patients (Group
I) ; in 2 of these patients collateral channels to the infarct
vessel were seen. Complete obstruction of the infarct-related
artery and residual flow to the infarct area through collateral
channels were found in 56 patients (Group II). The re-
maining 38 patients had an avascular infarct (Group III).
Intraaortic balloon counterpul sation was in effect at the time
of coronary arteriography in 3 Group I patients, 13 Group
II patients and 5 Group III patients .
The time interval from the onset of angina pectoris to
infarction was significantly longer in Group II (14.2 ± 21.4
months) than in Group III (0.7 ± 3.1 months) (Fig. 1).
Group I patients also had a longer history of angina pectoris
than did Group III patients ; this difference was not inde-
pendently significant when antianginal medication was taken
into account.
Patients in both Groups J and II were significantly more
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Table 1. Clinical and Angiographic Characteristics of 130 Patients
Total Occlusion
Subtotal Occlusion WithColl Without Coll
(n = 36) (n = 56) (n = 38)
Age (yr) 56 ± 9 56 ± 12 57 ± 10
Male (no. l%]) 32 (89%) 50 (89%) 33 (83%)
Previous MJ 4(11%) 5 (9%) 2 (5%)
Interval from onset of 6.5 ± 16.1 14.2 ± 21.4 0.7 ± 3.1
AP to MI (mo)
Antianginal medications 20 (56%) 30 (54%) 6 (/6%)
Interval from onset of 8.2 ± 7.5 8.1 ± 6.6 5.0 ± 4.0
acute symptoms to angio (hours)
Killip class
I or 2 34 (94%) 51 (91%) 35 (92%)
3or4 2 (6%) 5 (9%) 3 (8%)
LV systolic pressure (mm Hg) 126 ± 24 119 ± 23 121 ± 21
LVEDP (mm Hg) 16 ± 9 16 ± 8 16 ± 6
Infarct-related artery
LAD 21 (58%) 34 (61%) 20 (53%)
RCA 8 (22%) 16 (29%) 9 (24%)
LCx 7 (/9%) 6 (11%) 9(24%)
Extent of CAD
1 vessel 23 (64%) 32 (57%) 30 (79%)
2 vessel II (31%) 16 (29%) 8 (21%)
3 vessel 2 (6%) 8 (/4%) 0
EF (%) acute phase 55 ± 13 48 ± 13 50 ± 10
EF (%) acute phase (subset)* 53 ± II (n = 12) 51 ± 9 (n = 16) 47 ± 9 (n = 9)
Delta EF (%)* ~1.3±11.4 -1.4 ± 7.9 -II.I ± 7.5
*Subset of patients with follow-up angiography. Data are reported as mean values ± standard deviation.
Angio = acute angiography; AP = angina pectoris; CAD = coronary artery disease; Coil = collateral vessels;
EF = left ventricular ejection fraction; Delta EF = the mean change in ejection fraction from the acute phase
to the chronic phase; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery;
LVED? = left ventricular end-diastolic pressure; MI = myocardial infarction; RCA = right coronary artery.
Figure 2. The percent of patients in each group using antianginal
medication (MEDS) at the time of admission for acute myocardial
infarction.
in Group III (5.0 ± 4.0 hours) (Fig. 3), In addition, Group
II patients were more likely to have multivessel coronary
artery disease than were Group III patients; however, this
difference was not independently significant when the in-
terval from first onset of angina to infarction was considered.
Left ventricular ejection fraction in the acute phase was
signficantly higher in Group I (55 ± 13%) than in either
Group II (48 ± 13%) or Group III (50 ± 10%) (Fig. 4).
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likely to be treated with antianginal drugs (56 and 54%,
respectively) than were patients in Group III (16%) (Fig.
2). The time interval between the onset of acute symptoms
and emergency angiography was significantly longer in Group
I (8,2 ± 7.5 hours) and Group II (8.1 ± 6.6 hours) than
Figure 1. Duration of chronic angina pectoris from first onset in
life to current infarction for the three groups of patients. Group I
= patients with subtotal occlusion; Group II = patients with total
occlusion but with collateral flow; Group III = patients with total
occlusion and no collateral flow.
830 BLANKE ET AL.
RESIDUAL FLOW TO INFARCT ZONE
lACC Vol. 5. No.4
April 1985:827-31
'in
~
~ 200t;
<t ~P<O.05--i
Z f-P=O.OH~ 16
z
<t
u.. 120
z
0
i= 8<t
a::
~
0 4UJ
~
~
U
<t 0
I II ill
70
~ 60
z
o 50
~
o
<l 40
0::
IJ..
Z 30
o
~
o 20
LLl
J
LLl 10
SUBTOTAL
n=12
TOTAL
WITH
COLLATERALS
n=16
TOTAL
WITHOUT
COLLATERALS
n=9
ChronicAcute
OL.- -L L.- -lFigure 3. Interval from the onsetof symptoms of acute infarction
to angiography.
had occurred (Fig. 5). Patients with an avascular infarct as
well as those with collateral vessels in whom the infarct-
related vessel did not spontaneously recanalize showed a
decrease in ejection fraction (Fig. 5).
Discussion
Role of coronary collateral vessels. Previous studies
(4,7) on the difference in duration of angina pectoris before
infarction between patients with and without collateral flow
yielded contradictory results. In contrast to the present study,
Nohara et al. (4) found no difference between patients with
and without collateral flow. Their study employed acute in
vivo angiography; however, their sample size was small.
In agreement with our findings, Fulton (7), who correlated
clinical and autopsy data, observed that patients with total
occlusion and collateral filling had a longer history of angina
pectoris than did patients without collateral filling.
New onset of ischemic chest pain indicates that narrow-
ing in a coronary artery has reached the critical degree at
which there is interference with myocardial blood supply.
A critical coronary artery narrowing is a powerful stimulus
for the enlargement of collateral channels (8). The time
interval between the development of a critical stenosis and
thrombotic occlusion appears to be shorter in those patients
without collateral flow than in patients with collateral flow,
the majority of the former being characterized by a more
recent onset of anginal symptoms for which treatment has
not yet been initiated. These findings are compatible with
Fulton's hypothesis that a minimal period of time is nec-
essary for the enlargement of collateral channels in human
beings.
Figure 5. Left ventricular ejection fraction in 37 patients during
the acute and chronic phases of infarction for the three groups of
patients. 0---0 refers to those patients who demonstrated sponta-
neous recanalization of the infarct-related vessel duringthechronic
phase.
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Figure 4. Left ventricular ejectionfraction (EF) in theacutephase
of infarction.
There were no other significant differences between Groups
I and II.
Changes in ejection fraction and morphology of the
infarct-related artery from the acute to the chronic
stage. Follow-up angiography in the chronic stage of in-
farction was performed in 12 Group I patients, 16 Group
II patients and 9 Group III patients. Ejection fraction did
not change significantly from the acute to the chronic phase
in either Group I or Group II (Table 1, Fig. 5). However,
there was a significant decrease in ejection fraction in Group
III ( - 11.1 ± 7.5%, P < 0.05).
Repeat coronary angiography revealed patency of the
initially completely obstructed infarct vessel in 7 of 16 Group
II patients and 4 of the 9 Group III patients and progression
to total occlusion in 2 of the 12 Group I patients. Improve-
ment in left ventricular ejection fraction was seen only in
those Group II patients in whom spontaneous recanalization
JACCVol. 5. No.4
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Although duration of angina and prevalence of antian-
ginal therapy before infarction are similar in patients who
have complete coronary obstruction with collateral flow and
patients with incomplete obstruction of the infarct-related
artery, collateral vessels were seen in only two patients of
the latter group. The pressure gradient across the collateral
conduit is most likely higher in patients with complete coro-
nary obstruction than in those with incomplete obstruction.
Angiographic studies during angioplasty in patients with a
severe coronary lesion and long-term angina have shown
that collateral vessels often become immediately visible when
anterograde flow is blocked completely (9).
The finding of a significantly shorter time interval be-
tween the onset of infarct pain and angiography in patients
with an avascular infarct as compared with those with re-
sidual flow could be related to spontaneous early reperfu-
sion. Alternatively, this difference may be explained by our
patient selection criteria; patients presenting more than 6
hours after onset of infarction were not offered catheteriza-
tion in the acute phase unless the presence of ischemic viable
myocardium was suggested by persistent chest pain.
Our finding of a higher ejection fraction during the acute
phase of infarction in patients with incomplete coronary
obstruction as compared with those with complete obstruc-
tion and collateral flow suggests that anterograde flow through
a subtotal lesion is larger than retrograde flow through col-
lateral channels, even if the subtotal lesion is severe enough
to cause an acute infarction.
Preservation of left ventricular function and antero-
grade flow. Improvement or preservation of left ventricular
function during the time from the acute to the chronic phase
of infarction appears to depend on the preservation or res-
toration of anterograde blood flow. All patients in whom
the infarct-related vessel was completely occluded at initial
and late angiography showed a decrease in ejection fraction.
The group of patients with subtotal occlusion of the infarct-
related vessel at acute angiography did not experience a
significant decrease in left ventricular ejection fraction. In
those patients with total occlusion in whom spontaneous
recanalization occurred, preservation of function seems to
depend on an additional factor: the presence of collateral
flow during the acute phase of infarction. It is possible that
in this latter patient subset collateral flow slowed the pro-
gression of myocardial necrosis from the inner to outer
layers of the ventricular wall, enabling spontaneous reper-
fusion to limit infarct size in some patients.
Clinical implications. Our findings suggest that the
availability of residual coronary flow to infarcting myocar-
dium will influence the extent of damage. On the basis of
several uncontrolled studies (2,3), it has been postulated
that the effectiveness of various interventions designed to
limit infarct size may also be related to the availability of
residual flow. In patients with an avascular infarct. intra-
coronary streptokinase infusion was associated with im-
provement in left ventricular function only if therapy com-
menced within 3 hours after the onset of symptoms (I). In
patients with residual coronary flow, improvement in func-
tion was seen even when thrombolytic therapy was initiated
later. In other studies (10, II), intraaortic balloon counter-
pulsation and beta-receptor blockade were associated with
control of ischemia, as suggested by clinical signs, only in
those patients with residual coronary flow.
The prevalence of the three angiographic patterns de-
scribed in the present study varies considerably with that
reported in previous investigations. Thus, incomplete ob-
struction of the infarct-related vessel was observed in 5 (12)
to 33% (13) of patients who had early angiography. In the
design of trials evaluating interventions to limit infarct size,
one must consider that the early angiographic pattern may
be an important covariate influencing outcome.
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